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Thesis
A.C. Carson

The metallurgic treatment of an ore
for Lead and Silver, having the following
composition:
15.4
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The discussion of which will consist of the
following steps;
1—Preparation of ore for smelting, which
consists in roasting, and of the addition of
fluxes such as will produce an easy flowing
slag as the ??gula silicate
2— The Production of Crude Lead, which will
contain the Silver
3— Extraction of Silver from the Crude Lead, which
includes the retorting of the zinc-silver alloy
and the cupellation of the rich lead
4— The Refining of the desilverized lead

Preparation of Ore
Crushing: The ore is first passed through
a Blake-crusher from which it falls on to a
screen, to which is imparted a jarring motion.
That part of the ore sufficiently
fine to pass through is ready for roasting.
The portion composed of too large pieces
to pass through the screen is shaken off, and
conveyed by suitable contrivances to a pair
of Cornish Rollers between which it is
discharged. These complete the crushing.
The ore is now conveyed to the roasting furnace.
Two men only are required to attend to
the work of crushing; one to feed the
crusher and another to attend to the other
machinery. The next operation is
Roasting
This ore is now roasted in a reverberatory
or reverberatories, it being too rich to admit
of its being roasted in the open air in
heaps. The furnace is a single hearth
long reverberatory, 26’ long and 6 ’ wide.
It has eight working doors and a fire-door,
all situated on the one side. The two
doors at either end o f the roasting chamber
are somewhat larger than the others that at the flue-end serving as a charging

door the one next to the fire-bridge for drawing
the charge from the furnace. All the working
doors are provided with sheet iron cover
with the exception o f the slagging-hearth door
which has a cover o f cast-iron. The side
walls o f the foundation are built o f common
brick, the interior space filled in with broken
brick and mortar. The fire-box, hearth
and sides o f roasting chamber are o f fire
brick, also and spanning the roasting
chamber. The furnace is anchored with
eighteen cast-iron bars placed vertically, at
equal intervals on either side, every two
opposite connecting by means o f wrought-iron
tie-rods passing over the arch.
These furnaces cost about $1500—, depending
on local circumstances.
A roasting charge for this furnace consists
o f from 800 to 1000 lbs o f ore. There are
six charges in the furnace at a time (4800 to
6000 lbs = 2 2/5 to 3 tons). Every 3 hours a
charge is withdrawn, consequently, remaining
in the furnace eighteen hours. The total
amt. treated in 24 hours would therefore
be from 3 1/5 to 4 tons. This amount
would depend upon the character o f the

ore. From 150 to 200 bu. of charcoal are condensed
in 24 hours. Thus it takes from 40 to 50
bu. to every ton of ore roasted. Two
men attend the furnace.
Manipulations: We will assume the furnace
to be charged with its full amount
of ore, then the mode of operations is as
follows - a short time before the charge
next to the fire-bridge and in the slagging
hearth is ready to be taken out of the
proper quantity of ore for the next charge
is brought in front of the charging-door in
wheel-barrows, or whatever is most convenient
and dumped on the floor. After
the roasted and slagged charge is drawn
out, and the remaining fire charges
drawn one place nearer the fire bridge
thus leaving a space unoccupied. At
the flue end, the new charge is
shoveled into the furnace, spread evenly
over the surface of the hearth, and the
door closed. It remains in this position
for 3 hours, during this time it imparts
with is hygroscopic moisture and possibly
suffers slight chemical change under
the influence of the low temperature to

which it is subjected. At short intervals,
the workers turn each charge excessively
by means o f a long iron rabble,
there by exposing new surfaces of the
ore to the influence of the heat and
oxidizing affects o f the atmosphere. This
greatly assists in accelerating the operation.
The next charge nearest the fire-bridge having
been slagged and drawn out, all the
remaining charges are advanced one place
nearer the fire-bridge; this having been
done, a new charge is introduced at
the flue-end. Here the charge remains
for another 3 hours and now begins to
oxidize and part with its sulphur, which
escapes as sulphurous acid.
In this manner, it is moved through the
furnace until it arrives at that part
o f the hearth next to the fire-bridge, or
slagging hearth, as it is called; by
this time it has parted with a greater
portion o f its sulphur. Under the affects
o f the increased temperatures it now begins
to agglomerate, and the bases to combine
with the silica present in the ore, after
which it now fuses to a slag and is

then drawn from the furnace by means of a
long iron rabble. The roasted product
flows from the discharging door onto an
iron plate on the floor. As soon as drawn
out water is thrown over it in order
to cool it quickly. After becoming
sufficiently cold, it is pried from the
plate with bars, broken into pieces of
convenient size, and then taken to the blast
furnace charging-door. In this operation
most of the Sulphur and antimony are
gotten rid off.

Smelting
This operation is carried on in a waterjacket blast-furnace, the construction
of which is given in Plate I.
In this the intention is to produce a crude
lead containing nearly all of the silver.
The ore not having enough lead present to
collect the silver it becomes necessary to
add more, which is done in the form
of litherage. There is added to the
charges litherage enough to bring the lead
in the charges to about 40 per cent of
the whole which is sufficient to collect
the silver. A hundred parts of the
ore mixture is composed of the following 76 parts of roasted ore
11 44 46 litherage
13 44 44 lime
With this mixture, there is produced a
slag corresponding very nearly in composition
to the uni-silicate, which is found
to be the best slag in this kind of
work. The slag has about the
following composition -

S i0 2
34.6
FeO
37.1
11.2
A 1203
CaO
15.8
In which the oxygen of the S i0 2 is to
the oxygen of the bases about as 1: 1.02
which corresponds to the slag required.
The water jackets are 3 lA ft. in height
the inside plates being Vi in. and the
outside ones being 3/4 in thick.
These jackets are made in 4 sections
answering to the periphery of the furnace
of which a cross section is an ellipse.
They are held in position by a stout
iron band, and are cast with simply
an opening for a tuyere in the
center of each section. By this means
two great advantages are gained.
First wrought iron tuyeres can be
used independent of the jacket; and
second by selecting tuyeres not less than
20 inches in length the section of the
furnace, at the tuyere-line can be changed
at the option of the metallurgist during
any time of a campaign. The
campaigns last from 60 to 90 days, much
longer than those without the water jacket.

The water used in cooling the jackets ran
in about 3 in. from the bottom and
is discharged through pipes near the top.
The water-head being higher than the top
of the jackets the water has a continual
flow through them. The jacket, near
or at the top are opened to allow the
steam that is generated to escape.
The operation of the furnaces is as follows
The furnace is gradually filled up to the
top with charcoal, care being taken to keep
it blazing. The fore-hearth and operation
of the tuyeres are left open during this
operation to facilitate the draught.
The filling up takes from 4 to 5 hours.
As soon as the coal at the top has
reached a dark red heat, the blowing-in
proper commences. The nozzles of the
tuyeres are now placed in position, and
the blast is allowed to blow for % of an
hour, a long flame issuing all the time
from the pipes of the siphon-tap. When
the later is red hot the charging then
commences.
About 3 tons or more of lead are put
into the furnace through the charging

door with the proportion of 2 !/2 bu. of coal
to 250 to 300 lbs lead. This is done to
heat the hearth properly and prevent the
accretion of slag or cinders which might
seriously interfere with the good working
of the furnace. About 250 to 300 bu. of
coal are used in the fore-going proceedings.
After all the lead is melted down the
feeding of the ore commences. First 7
or 8 bu. of coal are scattered over the furnace.
On top of this but close to the
walls are charged about 340 lbs of the
ore mixture, then the charging goes on
first coal then ore mixture and so on.
There is used to every pound of coal
about 3# of ore mixture.
As soon as the lead has entered the
siphon-tap below, which may be observed
by the disappearance of the flame emanating
from it up to that time, the basin
is covered with live coal and kept so
all the time. At the same time the
clay is removed from the fore-hearth.
About two hours after the first charge
the slag entering from below the breast
rises in the fore-hearth to the level of the

slag spout from which the slag runs into
cast-iron conical vessels, the insides of which
are smeared with clay. These vessels
are on trucks and as soon as one is
filled it is rolled away and another rolled
into its place. The slag is thrown
away unless there is too much lead
in it, and with the exception of that
which is sometimes used as flux. If
there is any matte formed it is crushed
roasted with the ore and smelted. The slag
should not contain more than
per cent of lead. The pipe to the lead
well must be kept clean from accretions,
pressing a red-hot bur through it from time
to time because it is very difficult to open
it again after it is once closed up.
The basin is kept nearly full and the
lead is ladled out as it accumulates.
The lead molds which are in bar-shape
hold about 120# each. This lead is
sampled by raking, say, a sample from
every fifth bar by means of an iron
spoon. These samples are melted together
to form an average which is done
every day or 24 hours. This operation

or campaign lasts from two to three months
when it becomes necessary to stop the
furnace for repairs, such as removing
wall accretions, repairing the lining where
burnt out, &c. This repairing lasts
about a week, when the operations are
again commenced as before.
The amount of ore mixture smelted in
24 hours is about 30 tons.
There is a condensing chamber connected with
the furnace in which the fine dust is
caught that is carried out by the blast.
There is saved in this way, as dust, about
10 to 11 per cent of the ore smelted.
This dust is collected and recharged into
the furnace.

Extraction of Silver from Crude Lead
This operation is as follows: Twenty
tons of bars are smelted down slowly
in a large reverberatory. According to
the amount of impurity in the lead, the
molten metal remains here, exposed to
a low heat and plenty of air for a
shorter or longer time, the average being
about eighteen hours. After the first
six or seven hours, the covering of oxides
containing most of the antimony and
much lead is taken off. This amounts
to from 1.5 to 2 per cent of the original
amount put into the furnace.
The oxides forming after this are not
taken off but left in the furnace
often tapping the lead into the
desilverization kettles. The object of this is to
utilize in the defusing of the second charge the
tendency of litherage to give off its oxygen
to substances more easily oxidized.
The drawing off from the furnace into
the desilverization kettles is effected by
means of a partly covered spout.
There are five desilverization kettles. The
two large ones, the so-called Zinc pots,

hold 42000# of metal each. They are
walled in side by side, and, immediately
in front of them are the smaller
liquation kettles, nos 3 and 4 which hold 7
tons each. In front of these is the smallest
kettle, holding 4 tons, which is used
for liquation to dryness. The whole arrangement
is in the shape of a triangle,
nos 1 and 2 forming the base and no 5
the apex as shown in plate II.
The lead heated here is very rich. Containing
about 2000 oz to the ton of silver.
Then is added to this about 2 Vi per cent
of Zinc to the Zinc pots. The zinc is a
added in three and sometimes 4 portions
it is placed in a perforated box of iron, on
the extremity of an iron rod that is
given a motion of revolution by means
of cog-wheels at its upper extremity.
The zinc is placed in the box which is
then let down with the molten lead and
as soon as the zinc begins to melt
the cog-wheels at the top are connected
which revolves the rod and box. There
are just above the box two arms or
paddles extending out from the rod

which as the zinc oozes out and rises
up mixes it thoroughly with the
lead. This being done the rod is taken
out. Instead of using pure zinc
for all these operations, the second and
third scums are added for the first and
sometimes the second additions for zinc.
By this means a very large saving
of zinc is effected. Each addition is
mixed with the lead from Vi to 3A of an
hour the temperature being maintained
above the melting point of zinc.
Then the fire is drawn and the kettle
allowed to stand long enough to let the
charge cool and the zinc silver alloy to
rise to the surface, the lead below
remaining liquid. This requires in summer
not less than 4 hours, in winter about
two. The scum is now taken off with
perforated ladles and transferred to pots 3
or 4. If it is the scum resulting from
the first zinc addition, it is often a
partial liquation immediately transferred
to pot no 5, where the liquation is
finished. The lead resulting from liquation
is transferred from no. 3 or 4 to no 1 or 2

before the second addition of zinc is
introduced. The scum resulting from the
2nd, 3rd or 4th addition is each liquated,
but used again in a subsequent
operation in place of a first
zinc addition as mentioned before.

Distillation of the Zinc-Silver Alloy
This process is as follows: The retort furnace
is heated gradually until the furnace or retort
has become dark-red, then it is charged, by
means of a small copper shovel, with liquated
zinc-crush, which has previously been
subjected to what is called granulation, that
is after having been taken from the liquation
pot, it is spread till soft on a clean
iron plate, in front of it, and here cut up
by means of a shovel, with pieces of about
1 to Vi cu in.
The charge filling the retort to the neck
consists of about 325 lbs of the alloy with
which from 3 to 5 lbs of charcoal, of bean
to nut size, has been mixed. After the charge
has been put into the retort, the condenser
is then put on. This may either be
made for the purpose, being in that case
simply a truncated cone of fire-clay, about
2 ft. long and an inside diameter at the
base a little larger than the outside diameter
of the retort, or it may be an old retort,
which it is unsafe to expose to the white heat
required for distillation, and which is thus
made to do duty for a longer time.

The temperature is now raised to a white
hot and kept so until the distillation is
complete. The operation lasts from 8 to 10 hours
according to the per centage of zinc in the alloy.
During all this time it is only necessary to keep
the retort at a white heat. If this is neglected,
a crust of the chilled alloy is apt to
form on top of the metal bath which, upon
a renewed raising of the temperature would
cause an explosion in consequence of zinc fumes
suddenly developed under the crust. An occasional
introduction of a small iron rod into the retort,
through the condenser serves to show the
workman whether he has kept the temperature
high enough. The metallic zinc, collecting
in the condenser and retained there by a piece
of the blue powder and oxide of zinc, forming
around the mouth, is from time to time tapped,
and the blue powder and oxide are quickly
scraped into iron vessels from which the
air can be excluded, the object being to
prevent the oxidation of the blue powder. When a
sufficient amount of metalic zinc has been
collected, it is remelted in a kettle under
a coal covering; the oxide and impurities are
taken off and the metal is cast into plates

which are again used for desilverization.
From 40 to 50 per cent, and some times more of
the zinc, originally added to the work-lead, is
thus regained in the form of plates which
contains only a trace of silver. The blue powder
and oxide containing no more silver than
the metal, and comprising from 10 to 20 per
cent of the original zinc, are sold in zinc-works.
Thus about 50 to 70 per cent of the original
zinc is obtained again, the remainder having
been partially returned by the desilverized lead,
the contents of which in all cases amount
to about .7 to .8 per cent of zinc to the
whole amount of lead, and partly lost as
oxide escaping from the mouth of the
condenser. When in spite of a continuous white
heat, the zinc vapors are developed only
very sparingly, the process is carried as
far as policy permits, the rich-lead then
containing a trace of zinc. At the same time
it is desired that the zinc contents of the
rich lead should not be more than a trace
in order that serious loss from this cause
may be avoided in subsequent cupellation.
The condenser is then taken off, so that the
zinc fumes, still in the retort, may more

readily escape, and the furnace is left to
its self for a few minutes. Meanwhile a
small two-wheeled wagon carrying a castiron pot lined with moulders’ sand is brought
in front of the retort and by filling the
whole furnace the rich-lead is transferred
in a stream to the kettle. After having here
cooled awhile the metal is poured into lead
moulds previously washed inside with lime
milk and well warned by tilting the
wagon and basin together.
These moulds are only half filled in order
to produce thin bars, which are handier
afterward for gradual addition on the
English cupelling hearth. The residue remaining
in the retort after the discharge
of the rich lead and consisting of a little
charcoal and slag, is scraped out with an
iron hook while the retort is yet tilted.
The larger pieces of coal go back in the
retort in the next distillation. The
smaller stuff and slag is kept separate, and
is afterwards added in the smelting, during
which the rich litherage is reduced, or
sometimes it is immersed in poor lead. The
entire quantity produced during any one

distillation should, after setting out the large
coal not weigh over a pound or two. If
no dust has been allowed to get into the
alloy before distillation and if the
temperature has been kept high enough during
that operation, including the discharge of
the retort the remaining scraps will always
be found to be insignificant. A handful of
fine charcoal dust is now thrown into the
retort, the object being to prevent the
oxidation of fine lead globules, because
litherage once formed would soon destroy the
retort. Next the furnace is turned back
to its original position, the grate is
cleaned, accretions of melted ashes which
have formed in the sides are broken off, there
is some fuel added and the retort is at once
filled with a new charge. A retort lasts
on an average of about 20 distillations, the
retort becoming unserviceable principally
on account of accretion on the outside,
which are melted ashes. These retorts are
made of New Carvers clay and chamotte,
containing about 25% of plumbago and cost
from $14to$16a piece. The construction of the
distillation furnace can be seen from Plate III.

Cupellation
This operation is carried on in English
cupels, of which two work at a time.
The construction of these is shown in
Plate IV.
The rich lead obtained from the retort
furnace, in which the zinc-silver alloy
is heated, is placed on these cupels and
the necessary air is thrown on them
by means of a steam jet. They are
usually in Blast 5 days, receiving in
that time 180 bars of 65 lbs each of rich
lead. One of the cupels is then bored,
the silver run into moulds and the bars
are fed into the other cupel, where the
refining of the whole is finished, producing
a button of silver of about 41600 oz and
992 to 995 fine.
This is then run
into bars of about 90 lbs each, in which
way it is shipped.

Refining of the Desilverized Lead
In the side of each of the zinc pots or kettles
there are two smaller kettles which are
refining pots. The refining is done by means
of steam. The lead is tapped from the
zinc pot into one of these two smaller ones
it being heated to light cherry-red heat; the
loads are then set on, the steam conducting
pipe is passed to the bottom of the kettle, and
steam is injected into the metal bath.
A violent oxidation of the zinc takes place
under a disengagement of hydrogen, the
temperature in the kettles is much increased
by the chemical process and in about
3 hours the whole of the zinc is oxidized,
part of which remains in the kettles and
the rest is carried over, by the steam into
a chamber, made for its reception; there being
a pipe leading from the top of the hood into
the chamber. It is found that there still
remains in the lead the antimony; so the zinc
oxide is skimmed off and the hood set on loosely,
the doors in it are opened so that the air can
have access and steam is conducted in for
about an hour longer. By this means
black abstrich, similar to that formed by

poling results with the advantage of holding
the zincous oxide apart from the
antimonial products. The zinc-skum
consisting of oxide of zinc and oxide of lead
in which many globules of metallic lead
are mingled is liquated, at a low
temperature in the liquating pots. The direct
yield of refined lead is about 80 to 84 per cent
about lA per cent of the lead goes in to the
zincous oxide which consists of about 55 per
cent of lead and .8 per cent goes into the
antimonial products. The rest of the metal
passes into the zinc-scum, the lead reduced
from the first scum and the lead refuse
formed after the removal of the antimony.
The lead now has a fineness of about 99.90
to 99.98 per cent, and is ready for the
market.
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